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d hostinAbstract Cold acclimation shows the increased Pi in skeletal muscle of Channa punctata variety of
ﬁshes after 1 h and 2 h while reduces at prolonged exposure (4 h). Similar stimulatory effects were
observed in heart, however, reduced at 30 min and 4 h and in liver it causes prevention of Pi release
after 30 min, 1 h, 2 h and 4 h respectively. In gastrointestinal tract, the effects were pronounced when-
ever the ﬁshes were exposed to cold for 1 h and 2 h, while reduced activity was demonstrated after 4 h
of the treatment. To clarify the role of arsenic on cold-induced Pi release, ﬁshes were exposed to
Na2HAsO4 which reduced the effect in skeletal muscle, gastrointestinal tract and heart effectively
and signiﬁcantly. Whenever the ﬁshes were exposed to cold with arsenic, the amount of Pi was also
reduced than the control. In liver of arsenic treated ﬁshes, the increased results were found while in
cold, the valueswere reduced again in presence of arsenic compared to control and cold exposed ﬁshes.
Our ﬁndings give a new insight for the regulation of adaptive response tissue speciﬁcally and differen-
tially and arsenic might be involved in cross talk through impairment of the cold-induced effect.
ª 2012 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
Environmental low temperature is believed to be involved in
the activation of sympathetic nervous system (Leduc, 1961)
and stimulates the higher blood ﬂow (Ada´n et al., 1994), there-
fore, metabolism of blood and cellular electrolyte might bey. Production and hosting by Else
001
21 750041 49x4109; fax: +880
hoo.co.in (M.S. Haque).
Saud University.
g by Elsevierinﬂuenced. However, auto regulatory process of the biosystem
is common to all organisms by which they survive in the atmo-
sphere, moreover, to survive in such low temperature; alter-
ation of metabolic activities is substantial. Cold exposure is a
stressful event that elicits different thermogenic adaptive re-
sponses in endotherms and exotherms. In mammals, including
humans, the physiological responses involve changes in energy
expenditure, heat production and dissipation, physical activity
and appetite (Lowel and Spiegelman, 2000). In rodents, shiver-
ing, activation of the sympathetic axis (Spiegelman and Flier,
2001) with remarkable activity of mitochondrial uncoupling
proteins (UCPs) (Golozoboubova et al., 2001) was reported
as pivotal mechanisms.vier B.V. All rights reserved.
Table 1 Changes of inorganic phosphate in skeletal muscle of
ﬁshes exposed to cold for 30 min, 1 h and 2 h and 4 h in the
cold chamber.
Treatments Inorganic phosphate (Pi)
(mg/100 g of tissue weight)
Control 3.87 ± 0.37
30 min 2.50 ± 0.19
1 h 9.01 ± 0.40a
2 h 4.78 ± 0.20b
4 h 1.08 ± 0.07c
The data are means ± SE for four ﬁshes in each group.
a P< 0.001 versus control.
b P< 0.05 versus control.
c P< 0.01 versus control.
2 M.S. Haque, S.K. RoyChanna punctatus is generally found in fresh water of haor,
bil, river in Bangladesh. They are much energetic and survive in
the critical circumstances for long time. They are the major
sources of protein in the diet for human being. It is assumed
that the higher energy content of this ﬁsh is caused by the in-
creased activity of the sympathetic nerves. During environmen-
tal low temperature, it is assumed that the peripheral tissues
might be involved critically and coordinately on the regulation
of metabolites to survive in the atmosphere. Although ﬁshes are
exposed to various environmental stimuli, the species wants to
maintain the homeostasis of the body. Adaptive thermogenesis,
the dissipation of energy in the form of heat in response to
external stimuli, has been implicated in the regulation of energy
balance and body temperature. In shivering thermogenesis, be-
cause of the higher oxidative process, generation of adenosine
triphosphate rather than UCP is predominant and hydrolysis
of ATP yields energy for living in the atmosphere. Therefore,
it is generally accepted that the organisms survive in the critical
environment by different mechanisms and varies species to spe-
cies. However, the mechanism involving the adaptive response
in this species is not clariﬁed. The peripheral tissues play the
important roles in metabolic regulation. The enhanced nerve
activity in response to cold is involved in regulation of meta-
bolic activities in skeletal muscle, heart, liver, gastrointestinal
tract (GIT) as well as in other peripheral tissues. For example,
the increased nerve activity in liver has been involved in changes
of degradation of cellular ATP (Westfall et al., 2000). More-
over, liver glycogen metabolism is inﬂuenced in response to
cold. Higher degradation of liver glycogen releases energy
available for doing mechanical work and survive in the critical
circumstances and environment.
Arsenic is toxic to the living organisms. Prolonged exposure
of arsenic has detrimental effects in tissues. It may impair the
glycolysis as well as the oxidative processes (Tchounwou et al.,
2003) and causes different types of pathogenic syndromes in
rodents, ﬁshes and other organisms. Exposure of higher con-
centration of arsenic in water may also cause severe effects
in ﬁsh and might be involved in producing cancer or other cel-
lular effects. However, the mechanism underlying the effects of
acute arsenic exposure on the regulation of oxidative and gly-
colytic processes in tissues of ﬁshes exposed to cold is not
known. Arsenic is classiﬁed as a human carcinogen based on
several epidemiological studies showing an association of ar-
senic exposure with cancers in lung, bladder, kidney and liver
(Hughes, 2002; Tchounwou et al., 2003). Moreover, ﬁsh have
long been used as sentinels for biomonitoring of aquatic envi-
ronmental pollutants and are good indicators of arsenic toxic-
ity (Tisler and Zagorc-Koncan, 2002). The regulation of
metabolic activities in peripheral tissues in response to the
changes of temperature is an important aspect in ﬁsh and to
clarify the role of arsenic in cold-induced metabolic functions
responsible for survive of the species of ﬁshes in the environ-
ment, the current protocol was considered.
2. Materials and methods
2.1. Fishes and cold acclimation
Channa punctatus (Taki ﬁsh) weighing 50–60 g were used. They
were maintained in normal water with ambient temperature
(24.5 C). In the day of experiment, cold exposure (4–8 C)was given to the different groups of ﬁshes in the cold chamber
for 30 min, 1 h, 2 h and 4 h period with full aeration and with
free access of water. After cold exposure treatment, ﬁshes were
quickly decapitated and the peripheral tissues including skele-
tal muscle from the dorsal part, liver, heart and gastrointesti-
nal tract (GIT) were sampled carefully and taken weight by
digital balance (Chyo, JL-180, China) and kept at 20 C.
Control ﬁshes were similarly used for sampling of tissues ex-
cept giving cold exposure.
2.2. Arsenic treatment
To examine the role of arsenic on the regulation of metabolic
activities in liver, skeletal muscle, heart and gastrointestinal
tract (GIT), groups of ﬁshes were exposed with arsenic com-
pound (10 mM Na2HAsO4 7H2O, BDH Chemical Ltd.) in
cold for 1 h. The respective other groups of ﬁshes were treated
with only 10 mM of arsenic compound (Na2HAsO4) for 1 h in
ambient temperature. The tissues were sampled after the treat-
ment similarly as mentioned above.
2.3. Assay of inorganic phosphate (Pi)
Tissues were homogenized with pre-cooled water and were
centrifuged at 8000 rpm for 10 min. The supernatants from
each tissue homogenate were used as crude extract for assay
of inorganic phosphate (Pi) described by Ramnik (1999).
200 lL tissue extract was diluted to 5 mL with water and
was mixed vigorously with 5 mL of 5% TCA (trichloroacetic
acid) and centrifuged at 6000 rpm for 10 min. 5 mL superna-
tant was transferred to another tube and kept on ice. 1 mL
molybdate reagent (10 g of ammonium molybdate in 100 mL
water was taken and 100 mL of 5 N H2SO4 was added to pre-
pare 200 mL solutions) was added and mixed. The solution
was mixed with 0.4 mL aminonaptholsulphonic acid reagent.
3.6 mL water was added and after mixing, the tube was kept
standing for 10 min for the complete development of color.
For blank, 5 mL of 5% TCA and 5 mL water were mixed only.
Absorbance was taken at 690 nm against the blank. The Pi in
tissue extract was calculated using standard KH2PO4 solution.
2.4. Statistical analysis
Results of the experiments were expressed as mean and stan-
dard error of different groups. The differences between the
Cross talk between arsenic and cold on the regulation of inorganic phosphate level in peripheral tissues 3mean values were evaluated by ANOVA followed by paired t-
test using SPSS software.
3. Results
3.1. Time course effect of low temperature on the regulation of
inorganic phosphate (Pi) in skeletal muscle
To examine the role of cold exposure on the regulation of Pi in
peripheral tissues, the ﬁshes were exposed to cold for 30 min,
1 h, 2 h, and 4 h in the cold chamber. For control ﬁsh kept
in ambient temperature, the Pi content in skeletal muscle was
3.87 ± 0.37 mg/100 g of tissue. After 30 min and 1 h exposure
of cold, the values were 2.50 ± 0.19 and 9.01 ± 0.40 mg/100 g
of tissue weight respectively. The Pi content was signiﬁcantly
increased by 132.8% (P< 0.001) in response to cold for 1 h
treatment compared to control while reduced by 35.4% after
30 min exposure. Groups of ﬁshes exposed to cold for 2 h
and 4 h had Pi values 4.78 ± 0.20 and 1.08 ± 0.07 mg respec-
tively in their tissues. The results appeared to indicate that Pi
level in the muscle was signiﬁcantly (P< 0.01) reduced at
4 h (72.1%) of the treatment while at 2 h cold exposure, the ef-
fects were also found to be increased by 23.5% (P< 0.05) in
response to cold (Table 1). The results suggest that increased
Pi might be due to the higher degradation of energy rich com-
pounds through activation of the enzyme and could be utilized
for the phosphorylation reactions to maintain the homeostasis
of the system.
3.2. Time course effect of low temperature on the regulation of
inorganic phosphate (Pi) in heart muscle
As shown in Table 2, the average Pi contents in heart of ﬁshes
exposed to cold for 30 min, 1 h, 2 h and 4 h were 10.97 ± 1.12,
23.32 ± 1.39, 19.26 ± 0.39 and 4.30 ± 0.41 mg/100 g of tissue
weight respectively while for the control ﬁsh, the value was
20.91 ± 1.18 mg. The signiﬁcant increased (11.5%, P< 0.05)
Pi in response to cold for 1 h was found compared to control
ﬁshes. Although no signiﬁcant changes (7.9%) of Pi for 2 h of
cold exposure were found, however, the value was reduced by
47.5% and 79.4% respectively in response to cold for 30 min
(P< 0.01) and 4 h (P< 0.01) when compared to the control
ﬁshes. The results demonstrate that low temperature might
be involved in reducing Pi in heart during early phase of expo-
sure and the effects could be extended at prolonged period ofTable 2 Changes of inorganic phosphate in heart of ﬁshes
exposed to cold for 30 min, 1 h and 2 h and 4 h in the cold
chamber.
Treatments Inorganic phosphate (Pi)
(mg/100 g of tissue weight)
Control 20.91 ± 1.18
30 min 10.97 ± 1.12a
1 h 23.32 ± 1.39b
2 h 19.26 ± 0.39
4 h 4.30 ± 0.41a
The data are means ± SE for four ﬁshes in each group.
a P< 0.01 versus control.
b P< 0.05 versus control.cold and could be correlated to the higher degradation of tis-
sue ATP molecules.
3.3. Time course effect of low temperature on the regulation of
inorganic phosphate (Pi) in liver
Groups of ﬁshes were used to examine the role of low temper-
ature on the changes of Pi in liver. As shown in Table 3, the
amount of inorganic phosphate (Pi) in liver of ﬁshes in re-
sponse to cold for 30 min and 1 h were 2.19 ± 0.18 mg,
2.31 ± 0.33 mg/100 g of tissue respectively while for 2 h and
4 h in cold, the values were 2.27 ± 0.17 mg and 1.93 ±
0.27 mg respectively and for the control ﬁsh, Pi content was
2.68 ± 0.19 mg/100 g of tissue weight. Although the Pi values
were decreased by 18.3% (P< 0.01) and 13.8% for 30 min
and 1 h exposure respectively, however, at 1 h cold exposure,
no signiﬁcant alteration of Pi was observed compared to the
control. Similar signiﬁcant reduced Pi were obtained whenever
the ﬁshes were exposed to cold for 2 h and 4 h and the values
were 15.3% (P < 0.01) and 28.0% (P< 0.05) respectively.
The results demonstrate that low temperature is involved in
the regulation of Pi in liver by reducing its amounts. The alter-
ation of Pi in liver is an index for characterization of the sen-
sitivity to the environmental temperature.
3.4. Time course effect of low temperature on the regulation of
inorganic phosphate (Pi) in GIT
To clarify whether cold exposure is involved in the regulation
of inorganic phosphate in GIT, ﬁshes were exposed to cold and
the amount of Pi in the extract of tissue of ﬁshes for 30 min,
1 h, 2 h and 4 h were 3.22 ± 0.25, 11.09 ± 0.03, 9.80 ± 2.06
and 1.19 ± 0.08 mg/100 g of tissue weight respectively while
for the control ﬁsh, the value was 4.19 ± 0.45 mg/100 g of tis-
sue (Table 4). Similar to skeletal muscle, the increase in activity
in response to cold in this tissue was found at 1 h and 2 h. The
enhanced Pi content in cold for 1 h and 2 h were 164.6%
(P< 0.01) and 133.8% (P < 0.05) respectively, on the other
hand, 23.1% and 71.6% reduced values after 30 min and 4 h
was found respectively compared to the tissue of control ﬁshes,
however, signiﬁcant (P < 0.01) reduced effect on Pi was ob-
served after 4 h of cold. Cold exposure stimulates the release
of Pi in this tissue maximally at 1 h of exposure. The changes
of Pi in response to cold might be involved in the regulation of
GIT metabolic functions.Table 3 Changes of inorganic phosphate in liver of ﬁshes
exposed to cold for 30 min, 1 h and 2 h and 4 h in the cold
chamber.
Treatments Inorganic phosphate (Pi)
(mg/100 g of tissue weight)
Control 2.68 ± 0.19
30 min 2.19 ± 0.18a
1 h 2.31 ± 0.33
2 h 2.27 ± 0.17a
4 h 1.93 ± 0.27b
The data are means ± SE for four ﬁshes in each group.
a P< 0.01 versus control.
b P< 0.05 versus control.
Table 4 Changes of inorganic phosphate in GIT of ﬁshes
exposed to cold for 30 min, 1 h and 2 h and 4 h in the cold
chamber.
Treatments Inorganic phosphate (Pi)
(mg/100 g of tissue weight)
Control 4.19 ± 0.45
30 min 3.22 ± 0.25
1 h 11.09 ± 0.03a
2 h 9.80 ± 2.06b
4 h 1.19 ± 0.08a
The data are means ± SE for 4–5 ﬁshes in each group.
a P< 0.01 versus control.
b P< 0.05 versus control.
4 M.S. Haque, S.K. Roy3.5. Role of arsenic (10 mM Na2HAsO4) on inorganic
phosphate content in cold-induced skeletal muscle and heart
Groups of ﬁshes were used to examine the role of arsenic on
the changes of Pi in skeletal muscle. The amount of Pi of
arsenic-treated ﬁshes for 1 h was 2.43 ± 0.13 mg where as
for control ﬁshes; the value was 3.87 ± 0.37 mg/100 g of tis-
sue. As shown in Fig. 1, the Pi content in response to arsenic
was found to be reduced signiﬁcantly (P < 0.05) when com-
pared to the control. Fishes exposed to cold with arsenic solu-
tion had Pi content in their skeletal muscle 1.88 ± 0.31 mg/
100 g of tissue and that of the cold exposed ﬁshes only
9.01 ± 0.40 mg. The Pi level in response to arsenic in cold
was found similarly to be reduced when compared to control
(P < 0.01) and the respective cold exposed ﬁshes
(P < 0.001). The reduced Pi in response to cold was also dem-0
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Figure 1 Effects of Na2HAsO4 on Pi level in skeletal muscle of
ﬁshes. The groups of ﬁshes were treated with arsenic solution and
kept for 1 h in the cold. The respective controls were treated with
arsenic only while other ﬁshes were exposed to cold for 1 h. After
the treatment, the ﬁshes were immediately decapitated and
sampling of tissue was performed. Control ﬁshes were similarly
used except giving cold exposure. The data are means ± SE for
four ﬁshes in each group.onstrated when compared to only arsenic treated group. The
results indicated that arsenic is a potent inhibitor for reducing
Pi value in this tissue and might be involved in cold induced
effect, however, cold acclimation is involved in enhancing its
amount and arsenic causes such adverse environmental condi-
tion where the ﬁshes survive.
To examine the role of arsenic on Pi level in heart, the ﬁshes
were exposed to 10 mM Na2HAsO4 solution for 1 h and also
the respective group was induced by cold. As shown in
Fig. 2, the amount of Pi in heart muscle of ﬁshes exposed to
arsenic was 9.77 ± 1.53 mg while for the control ﬁshes, the va-
lue was 20.91 ± 1.18 mg/100 g of tissue and for cold exposed
heart, the value was 23.32 ± 1.39 mg/100 g of tissue. The Pi
content in heart of arsenic-treated ﬁsh was reduced signiﬁ-
cantly (P < 0.01) than in heart of control ﬁsh. Fishes exposed
to cold with arsenic had 5.80 ± 0.78 mg/100 g of tissue. The Pi
value of this tissue exposed to cold was increased signiﬁcantly
(P < 0.01) from the control. The results indicated that the Pi
level in response to arsenic had been decreased signiﬁcantly
(P < 0.01) by cold treatment when compared to arsenic trea-
ted ﬁshes and also reduced from the control (P < 0.01).
3.6. Role of arsenic (10 mM Na2HAsO4) on inorganic
phosphate content in cold-induced liver and GIT
To clarify the role of arsenic on Pi in liver, groups of ﬁshes
were treated with 10 mM Na2HAsO4 in cold for 1 h and the
respective control livers were also examined with Na2HAsO4
only (Fig. 3). The amount of Pi in livers of ﬁshes exposed to
10 mM Na2HAsO4 and in cold were 9.26 ± 0.78 mg and30 Heart
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Figure 2 Effects of Na2HAsO4 on Pi level in heart muscle of
ﬁshes. The ﬁshes were exposed to cold with arsenic solution for
1 h. The respective controls were treated with arsenic only while
other ﬁshes were exposed to cold for 1 h. After the treatment, the
ﬁshes were immediately decapitated and sampling of tissue was
performed. Control ﬁshes were similarly used except giving cold
exposure. The data are means ± SE for four ﬁshes in each group.
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Figure 3 Effects of Na2HAsO4 on Pi level in liver of ﬁshes. The
ﬁshes were exposed to cold with arsenic solution for 1 h. The
respective controls were treated with arsenic only while other
ﬁshes were exposed to cold for 1 h. After the treatment, the ﬁshes
were immediately decapitated and sampling of tissue was per-
formed. Control ﬁshes were similarly used except giving cold
exposure. The data are means ± SE for four ﬁshes in each group.
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Figure 4 Effects of Na2HAsO4 on Pi content in GIT of ﬁshes.
The ﬁshes were exposed to cold with arsenic solution for 1 h. The
respective controls were treated with arsenic only while other
ﬁshes were exposed to cold for 1 h. After the treatment, the ﬁshes
were immediately decapitated and sampling of tissue was per-
formed. Control ﬁshes were similarly used except giving cold
exposure. The data are means ± SE for four ﬁshes in each group.
Cross talk between arsenic and cold on the regulation of inorganic phosphate level in peripheral tissues 51.71 ± 0.27 mg respectively while for control and cold exposed
livers, the Pi values were 2.68 ± 0.19 mg and 2.31 ± 0.33 mg/
100 g of tissue respectively. A signiﬁcant increased response on
Pi release was observed for ﬁshes exposed to arsenic (245.5%,
P < 0.001), however the Pi value was reduced in cold by
81.5% and 36.2% (P < 0.05) when the groups were compared
to arsenic treated and control ﬁshes respectively. The results
would suggest that both arsenic and cold environment create
an adverse environment where the ﬁshes survive by releasing
their Pi in this tissue.
The amount of Pi in GIT (shown in Fig. 4) of ﬁshes in re-
sponse to 10 mM Na2HAsO4 and in cold were 1.52 ± 0.13 mg
and 1.69 ± 0.08 mg respectively while for control and cold ex-
posed ﬁshes, the values were 4.19 ± 0.45 mg and
11.09 ± 0.03 mg/100 g respectively. A signiﬁcant reduced ef-
fect on Pi release was observed for ﬁshes exposed to arsenic
(63.7%, P < 0.01) when the groups were compared to control.
Similar inhibitory effects (59.6%, P < 0.01) were found when
the ﬁshes were exposed to cold with Na2HAsO4 for 1 h, how-
ever, the effects were appeared to be potential than arsenic ex-
posed ﬁshes. It is important to note that cold acclimation
causes a signiﬁcant increase in Pi compared to control ﬁshes.
The results indicate that the increased activity in response to
cold is potentially reduced by 10 mM Na2HAsO4; however,
cold exposure in presence of arsenic did not overcome the
inhibitory effect of arsenic when compared to control ﬁshes.
4. Discussion
The present study has been involved to ﬁnd the role of cold
acclimation on the regulation of Pi in peripheral tissues alongwith the interaction of arsenic in cold induced effects. The Pi
level had been altered differentially and tissue speciﬁcally
whenever the ﬁshes were exposed to cold. The skeletal muscle
is composed of both red and white muscle. The red muscle is
recognized to be the oxidative because of the presence of high-
er oxidative ﬁbers involved in oxidative processes; on the other
hand, white muscle is composed of glycolytic ﬁbers involved in
glycolytic processes. Sympathetic innervations are involved for
metabolic regulation in these tissues. Since skeletal muscles
have been recognized to be supplied with noradrenergic sym-
pathetic axons that are distributed to the muscle spindles
and extrafusal muscle ﬁbers (Barker and Saito, 1981). The
present study reveals that the enhanced Pi in skeletal muscle
in response to cold after 1 h and 2 h might be due to the higher
degradation of cellular energy rich compound such as ATP.
Since Na+–K+ ATPase activity has been demonstrated to
be increased by cold exposure (Videla et al., 1975), therefore,
the increased Pi might be due to the higher activity of this en-
zyme and the released Pi may play the role for survival of the
species during cold acclimation. For prolonged exposure (4 h),
the Pi level is lowered suggesting that biphasial alteration of Pi
might be associated in the metabolic process. Tyrosine phos-
phorylation and dephosphorylation is metabolic process in
many reactions. The released Pi after short period might be
used as a substrate for the phosphorylation reactions to main-
tain the homeostasis of the biosystem.
In heart muscle, cold acclimation is involved in enhancing
the Pi release however, after 30 min and 4 h exposure, the re-
duced amounts of Pi were found, therefore, the results shows
the similar pattern of reducing its contents during prolonged
6 M.S. Haque, S.K. Royexposure of cold as shown in skeletal muscle. Sympathetic
innervations induced by cold may play the role for changing
the amount of Pi through phosphorylation–dephosphorylation
reactions since the tissue is enriched with the similar nerves.
Acclimation of ﬁshes from ambient temperature to 4 C is be-
lieved to be associated with a decrease in phosphorylation state
and is consistent with a higher respiratory rate at low temper-
ature. There have been numerous reports that whole animal
and mitochondrial oxygen consumption rates are higher in
cold than in warm acclimated ﬁsh (Hazel and Prosser, 1974;
Smit et al., 1974; Thillart and VanDenModderkolk, 1978).
For example, Wilson et al. (1977) reported that acclimation
of goldﬁsh from 25 to 5 C resulted in a 66% increase in con-
centration of muscle cytochrome oxidase and a 45% increase
in net enzyme activity.
The regulation of Pi level in the liver for cold-exposed ﬁsh
might be a different mechanism than that of skeletal muscle
and heart and GIT. Cold acclimation causes prevention of Pi
release in liver of the species. It has been demonstrated that
inactivation of the protein PP2A is mediated by cold acclima-
tion resulting enhancement of phosphorylation process (Anto-
nio et al., 1998). Therefore, the reduced Pi in response to cold
in liver might be due to the higher phosphorylation process.
Because Ca2+ enhances the inactivation of the PP2A (Antonio
et al., 1998), it could be a positive modulator for the lower Pi
release. As a peripheral tissue, liver may participate in the sur-
vival process during critical circumstances through protein
phosphorylation-dephosphorylation mechanisms.
The adverse effect of sodium arsenate (Na2HAsO4) on met-
abolic regulation in cold induced ﬁshes has been demonstrated.
10 mM Na2HAsO4 produced the toxic environment where the
ﬁshes want to survive. Cold exposure was unable to reduce the
toxic effect of arsenic whenever the ﬁshes were exposed with
10 mM Na2HAsO4 in some of the peripheral tissues. There-
fore, it can be reasonable that arsenic might be a potent inhib-
itor for the sympathetic nervous system. In skeletal muscle,
arsenic effectively reduced the cold induced Pi content. Similar
inhibitory effects were found in heart and GIT whenever the
ﬁshes were exposed to arsenic. The cold induced activity in
GIT was signiﬁcantly inhibited by Na2HAsO4. The results ap-
peared to indicate that GIT metabolic functions are impaired
whenever the ﬁshes were exposed to arsenic. The ﬁshes exposed
to cold with arsenic had similar effects as arsenic alone which
could be the toxic effects of Na2HAsO4 where the sympathetic
nervous system induced by cold does not play the critical role
on the release of Pi. Acute arsenic exposure may cause gastro-
intestinal tract disorder. The gastrointestinal effects (GIs) of
arsenic are generally the result of ingestion; however, GI ef-
fects may also occur after heavy exposure by other routes.
GI effects are seen acutely after arsenic ingestion, and less of-
ten after inhalation or dermal absorption. The fundamental GI
lesion appears to be increased permeability of the small blood
vessels, leading to ﬂuid loss and hypotension.
The liver is the organ where most of the biotransformation
of inorganic arsenic takes place (Del Razo et al., 2001). Up
regulation of several genes in arsenic-induced adaptive re-
sponse has been observed (Verma et al., 2002; Chelbi-alix
et al., 2003). Their ﬁndings suggest that arsenic may induce
the synthesis of molecules responsible for the survival process.
The liver is a major target organ of arsenic toxicity in both
mice and humans. Arsenic-induced liver injury in humans is
a common phenomenon, typically manifesting initially asdegenerative lesions with jaundice, progressing to noncirrhotic
portal hypertension, ﬁbrosis, cirrhosis, and neoplasia such as
hepatocellular carcinoma (Mazumder et al., 1998). Prolonged
exposure of higher concentration of arsenic has been involved
in liver injury and damage. Liver metabolism is a known po-
tential target for the toxic action of chemicals (Hinton et al.,
2001). The increased Pi in response to arsenic might be due
to the higher degradation of cellular energy rich compounds
like nucleotides (ATP, GTP) yielding Pi molecules. These mol-
ecules may also serve as a survival elements during such toxic
environment. On the other hand, cold environment is assumed
to be involved in prevention of this degradation. Therefore,
toxic effect of arsenic might be reduced by cold, either it per-
forms through interaction with arsenic molecules or via other
mediators. Allen et al. (2004) found that arsenic impairs the
sympathetic nerve activity induced by cold. Their ﬁndings
can be employed to explain the results and are consistent with
the present ﬁndings.5. Conclusion
In summary, these peripheral tissues are metabolically impor-
tant for energy consumption and energy expenditure. Environ-
mental low temperature is a major stimulus exerting its effect
on metabolic changes. However, the regulatory process in re-
sponse to cold could be prevented or modulated by the toxic
effects of arsenic. The diverse metabolite regulation in re-
sponse to low temperature is an index for the survive of these
species and is a useful biological process, however, arsenic
probably takes part in modulation of the metabolic process.Acknowledgements
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